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6-1.v	 _..	 1A
NTF DESIGN CRITERIA
FOR 9% NICKEL
GENERAL
THE DESIGN OF THE PRESSURE SHELL REFLECTED IN THIS REPORT
SATISFIES THE DESIGN REQUIREMENTS OF THE ASME BOILER AND PRESSURE
VESSEL CODE, SECTION VIII, DIVISION 1. SINCE DIVISION 1 DOES NOT
CONTAIN RULES TO COVER ALL DETAILS OF DESIGN, ADDITIONAL ANALYSES 	 j
WERE PERFORMED IN AREAS HAVING COMPLEX CONFIGURATIONS SUCH AS THE
CCNE CYLINDER JUNCTIONS, THE GATE VALVE BULKHEADS, THE BULKHEAD-
SHELL ATTACHMENTS, THE PLENUM ACCESS DOORS AND REINFORCEMENT
AREAS, THE ELLIPTICAL CORr.ER SECTIONS, AND THE FIXED REGION (RING
S8) OF THE TUNNEL. THE DIVISION 1 DESIGN CALCULATIONS, THE
1	 ADDITIC":AL ANALYSES AND THE CRITERIA FOR EVALUATION OF THE RESULTS
OF THE ADDITIONAL ANALYSES TO ENSURE COMPLIANCE WITH THE INTENT OF
DIVISION 1 REQUIREMiNTS ARE CONTAINED IN THE TEXT OF THIS REPORT.
THE DESIGN ANALYSES AND ASSOCIATED CRITERIA CONSIDERED BOTH THE
OPERATING AND HYDROSTATIC TEST CONDITIONS.
IN CONJUNCTION WITH THE DESIGN, A DETAILED FATIGUE ANALYSIS OF THE
PRESSURE SHELL WAS ALSO PERFORMED LTILIZING THE METHODS OF THE
` ASME CODE, SECTION VIII, DIVISIO14 2.
MATERIAL
THE PRESSURL SHELL PATERIAL SHALL BE ASME, SA-553-1 FOR PLATE AND
SA-522 FOR FCRGINGS. THE MATERIAL PROPERTIES AT TEMPERATURES
EQUAL TO OR BELOW 150°F ARE AS -;FOLLOWS :
(A) ELATE, 2.0 INCHES CR THI,'^NER
YIELD = 85.0 KSI
ULTIMATE = 100 KSI
(r) WELDS (AUTOMATIC AND SEMI4UTOMATIC)
FIELD = 52.5 KSI
ULTIMATE = 95.0 KSI
(C) WELDS (HAND)
YIELD = ;8.5 KSI
ULTIMATE	 95.0 KSI
iv
4
41,
OPERATING, DESIGN AND TEST CONDITIONS
1 THE OPERATING, DESIGN AND TEST CONDITIONS FOR THE TUNNEL PRESSURE
SHELL AND A )SOCIATED SYSTEMS AND ELEMENTS ARE SUI•IMARIZED BELOW:
1. OPERATING MEDIUM
ANY MIXTURE OF AIR AND NITROGEN
2. DESIGN TEMPERATURE RANGE
MINUS 320 DEGREES FAHRENHEIT TO PLUS 150 DEGREES
FAHRENHEIT, EXCEPT IN THE REGION OF THE PLE14UM BULKHEADS
AND GATE VALVES INSIDE A 23-FOOT, 4-INCH DIAMETER, FOR
WHICH THE TEMPERATURE RANGE IS MINUS 320 DEGREES
FAHRENHEIT TO PLUS 200 DEGREES FAHRENHEIT.
3. PRESSURE RANGE
TUNNEL
C014FIGURATION
A. CONDITION I - PLENUM
ISOLATION GATES OPEN
AND TUNNEL OPERATING:
TUN14EL CIRCUIT
EXCEPT PLENUM
PLENUM (PLENUM PRESS-
URE IS LIMITED TO
.4 TO 1 TIMES THE
REMAINDER OF THE
TUNNEL CIRCUIT
BULKHEAD
B. CONDITION II - PLENUM
ISOLATION GATES OPE`.
A14D TUNNEL SHUTDOW;I:
ENTIRE TUNNEL CIRCUIT
BULKHEAD
OPERATING	 DESIGN
PRESSURE
	
PRESSURES
RANGE, PSIA
	 PSID
8.3 to 130	 A. 8 EXTERNAL
B. 119 INTERNAL
3.3 to 130	 A. 15 EXTERNAL
B. 119 INTERNAL
56 (EXTERNAL TO PLENU:-: )
3.3 to 130	 A. 8 EXTERNAL
B. 119 INTERNAL
0
v
C.	 CONDITION III - PLENUM
ISOLATION GATES AND
ACCESS DOORS CLOSED!
i
8.3 to 130	 A. 8 EXTERNAL
B. 119 INTERNAL
0 to 130	 A. 15 EXTERNAL
B. 119 INTERNAL
A. 25 (INTERNAL TO
PLENUM)
B. 119 (EXTERNAL TO
PLENUM) FOR MINUS
320 DEGREES
FAHRENHEIT TO
PLUS 150 DEGRE_ZS
FAHRENHEIT
*C. 110.5 (EXT=R:.AL TG
PLENUM) FCR PLT,S
151 DEGREES
FAHRENHEI: Tr, =! US
200 DEGREES
FAHRENHEIT
TUNNEL CIRCUIT EXCEPT
PLENUM
PLENUM (PLENUM OPER-
ATING PRESSURE CAN
EXCEED THE PRESSURE
IN THE REMAINDER OF
THE TUNNEL CIRCUIT BY
24 PSI, BUT DOES 140T
EXCEED THE 130 PSIA
?MAXIMUM OPERATING
PRESSURE)
BULKHEAD
n
*OPERATING PROCEDURES LIMIT PRESSURES TO THAT SHOWN.
D.	 CONDITION IV - PLENUM
ISOLATION) GATES CLOSED
AND ACCESS DOORS OPEN:
TUNNEL CIRCUIT EXCEPT 	 8.3 to 130	 A. 8 EXTERNAL
PLENUM	 B. 119 INTERNAL
PLENUM	 14.7	 0
BULKHEAD	 A. 119 (EXTERNAL TO
PLENUM) FOR MINUS
320 DEGREES FAHRENHEIT
TO PLUS 150 DEGREES
FAHRENHEIT
*P. 110.5 (EXTERNAL TO
PLENUM) FOP PLUS 151
DEGREES FAHRENHEIT TO PLUS
200  DEGREES FAHRENHEIT
*OPERATING PROCEDURES LIMIT PRLSSURLS TO THAT SHOWN.
vi
4.	 HYDROSTATIC TEST DESIGN CONDITIONS
THE PRESSURE SHELL WAS DESIGNED FOR HYDROSTATIC TEST IN
ACCORDANCE WITH THE REQUIREMENTS OF THE ASME CODE, SECTION
VIII, DIVISION 1. THE TEST PRESSURES SHALL BE AS FOLLOWS.
PRESSURE SHELL TEMPERATURE SHALL BL EQUAL TO OR BELOW 	 I
100°F DURING HYDROSTATIC T7STS.
CONDITION (1) - MAXIMUM INTERNAL PRESSURE CONDITION
FOR THE ENTIRE TUNNEL CIRCUIT
PH1 = 1.5 (119) + HYDROSTATIC HEAD
= 178.5 PSI + HYDROSTATIC HEAD
CONDITION (2) - MAXIMUM DIFFERENTIAL PRESSURE CONDITIO,
ACROSS THE PLENUM BULKHEADS
PH 2 = 1.5 (119) + HYDRCSTATIC HEAD
= 178.5 + HYDROSTATIC HEAD
PH	 = 1.5 (117..5) ( 23 ' 7 ) + HYDROSTATIC HEAD2	 22.2
178.5 + HYDROSTATIC HEAD
*TUNNEL OPERATION LIMITATIONS PRECLUDE PRESSURE
DIFFERENTIALS ACROSS BULKHEADS IN EXCESS OF
110.5 PSI FOR BULKHEAD AND GATE TEMPERATURES IN EXCESS
OF 150°F.
CONDITION (3)  - MAXIMUM REVERSE DIFFERENTIAL PRESSURE CO; DI 155
ACROSS THE PLENUM BULKHEADS
PH 3 = 1.5 (25) = 37.5 PSI
THE PRESSURE SHELL EXCEPT FOR THE PLENUM SHALL BE PRESSURIZL: TO
141 PSIG. THE PLENUM SHALL BE PRESSURIZED TO 178.5 PSIG.
PRESSURE SHELL STRESS EVALUATION CRITERIA
THIS CRITERIA ESTABLISHES THE BASIS FOR ANALYSIS AND DESIGN OF THE
PRESSURE SHELL SO IT WILL MEET OR EXCEED ALL OF THE REQUIREMENTS
OF SECTION VIII, DIVISION 1 OF THE ASME BOILER AND PRESSURE VESSEL
CODE AND CAN BE STAMPED WITH A DIVISION 1 "U" STAMP.
vii
1. SECTION VIII, DIVISION 1, DIRECT APPLICATION
A.	 THE MAXIMUM ALLOWABLE STRESS (S)
S = 23.7 KSI (-320°F TO +150°F)
S = 22.2 KSI (-320°F TO +200°F)
(B) PRIMARY BENDING PLUS PRIMARY MEMBRANE STRESSES
THE LOCAL MEMBRANE STRESSES ARE NOT GENERALLY
CONSIDERED IN SECTION VIII, DIVISION 1 DESIGiTS.
HOWEVER, FOR THE PURPOSE OF DESIGNING LOCAL
REINFORCEMENT AT BRACKETS, RINGS OR PENETRATIONS NOT
COVERED BY DESIGN BASED ON STRESS ANALYSIS, THE
LOCAL SHELL MEMBRANE STRESS SHALL BE:
Pb + Pm < 1.5 SE
NOTE: E IS JOINT EFFICIENCY
2. IN REGIONS OF THE PRESSURE SHELL WHERE DIVISION 1 DOES
NOT CONTAIN RULES TO COVER ALL DETAILS OF DESIGN (REF.
U-2(g)), ADDITIONAL ANALYSES WERE PERFOR:".ED UTILIZING THE
GUIDELINES OF THE ASME CODE, SECTION VIII, DIVISION 2,
APPENDIX 4, "DESIGN BASED ON STRESS A:ALYSIS." THE BASIC
STRr- S CRITERIA FOR DIVISION 2 IS REPR E-SE::TED IN FIGURE
4-1_J.1 AND RESTATED BELOW INDICATING A;iY MODIFICATIONS
OR EXCESS REQUIREMENTS A"PLIED TO IT TO RE: AIN WITHIN THE
INTENT OF DIVISION 1 AND TO OBTAIN: A DIVISION 1 STAMP.
A. GE..NERAL PRINCIPAL MEMBRANE STRESS
MAXI;•IUI•I ALLOWABLE STRESS
S = 23.7 KSI (-320°F TO +150°F)
S = 22.2 KSI (-320°F TO +200°F)
MAXIMUM ALLOWABLE STRESS INTENSITY
S = 31.7 KSI (-320°F TO +200")
m
B. PRIMARY GENERAL MEMBRANE STRESS INTENSITY
Pm S Sm
AND IN ORDER TO COMPLY WITH DIVISION 1, THE ~MAXIMUM
PRINCIPAL MEMBRANE STRESS MUST BE:
pm:.	 S
NOTE: THE * IS USED TO DENOTE THAT MAXIMUM PRINCIPAL
STRESSES ARE TO BE COMPUTED FOR THE GIVEN LOADING,
CONDITION. THE I14TE14T IS TO DETERMIIJE TIME STRESSES WHICH
REPRESENT THE HOOP STRESSES AND MERIDIONAL STRESFF:i WHICH
ARE THE STRESSES USED IN DIVISION 1 COMPUTATIONS.
M	 -
C. DESIGN LOADS, PRIMARY LOCAL MEMBRANE STRESS
INTENSITY
P L < 1.5  S 
NOTE: LOCAL MEMBRANE STRESS INTENSITY IS DEFINED IN
ACCORDANCE WITH DIVISION 2,
APPENDIX 4-112(1). THE TOTAL MERIDIONAL
LENGTH IS CONSIDERED TO BE 1.0	 RT.
D. DESIGN LOADS, PRIMARY LOCAL MEMBRANE PLUS PRIM,.'RY
BENDING STRESS INTENSITY
P L + P } If- 1.5 Sm
E. OPERATING LOADS, PRIMARY PLUS SECONDARY STRESS
INTENSITY
P L + Pb + Q 4 3 S 
F. COMMENT
BECAUSE OF THE LOW YIELD STRENGTH EXPECTED AT THE
WELDS AS COMPARED TO THE YIELD STRENGTH OF THE
PLATE, STRESS INTENSITIES COMPUTED IN (A), (B), (C),
(D), OR ;L) SHALL IJOT EX C E E D THE YIELD ST=E:1^:H Or
THE MATERIAL AT EITHER Wi,LD OR PLATE LOCATIO::S.
3. A FATIGUE A:ALYSIS WAS CONDUCTED I:d ACCOP.DA.4 	 tdl:H
SECTION VIII, DIVISION 2 WITHOU',' MODIFICATION.
4. HYDROSTATIC TEST CONDITICN DESIGN COtJSIDEP.ATIONS
A.	 PRESSURE SHELL
IN ACCORDANCE WITH DIVISION 1 OF THE ASME CODE,
DESIGN ANALYSIS OF THE PRESSURE SHELL FOR THE
HYDROSTATIC TEST CONDITIO: ,I IS NOT REQUIRED.
HOWEVER, IN ORDER TO PROVIDE A SATISFACTORY
ENGINEERING DESIGN FOR THE PRESSURE SHELL THE
FOLLOWING CRITERIA WAS USED:_
(a) THE MAXIMUM GENERAL MEMBRANE STRESS
PERPENDICULAR TO A WELD LINE WAS
LIMITED TO THE LESSER OF:
P * < 0.8 WELD YIELD STRESS
m -
OR
P '< <
 0. 5 WE LL) ULTIMATE STRESS}	 m	 -
I.
(b) THE GENERAL PRINCIPAL MEMBRANE, STRESS IN THE
PLATE (NOT AT A WELD) WAS LIMITED TO THE LESSER
OF:
Pm C 0.8 PLATE YIELD STRESS
P '` < 0.5 PLATE ULTIMATE STRESS
m —
O THE STRESSES SATISFYING THIS CRITERIA ARE
BASED ON MP.}:IMUM MEMBRANE STRESSES
RATHER THAN IJTENSITY CRITERIA.
x
Ii
BY-------------- DATE---------	 SUBJECT ----------------------------------------- 	 SHEET NO•. ----
CHKD. BY
-------
 DATE---------
	
--------------------------------------
	
JOB NO.--------
	
-------------------- ------------------------------	
----------------
1/o /,	 2
F/y//e 	 E %-eYr)eni
	
^?4a//5a, s
	 o 1
	 6orA/ KS
No . 3	 v n ^l	 /vo	 4
-Q
	
o f
	 co 1, 1'14 i's
^3) U Cie l	 LJ os C - 11 1 12 11 o v	 1
	
^Gr^	 ^ Gh Gf i , oN	 4-
UC^//^/^,
RP^^^
k17 -0	 li
fS	 T
'V10 .^.3^ ^	 C	 PC IB S	 °^
^^JR r!Q ^ ^ 3	 7 a
XL
r ^^
^I
A
it 	N
-1
SY	 SUBJECT	 ---------------------------	 SHEFT NO.   
CF4KD, BY__
	
DATE---------	 ( ) B
---'---4 -- 	 ------ --  - ---- 
^l
L	 _31 q
/- /• 24 Tk
TtEPR0DUCIBIT,TrV*A)VIIME
ORIGINAL PAGE ISTDOR
I.._ DATE__ ------
	
SUBJECT.____-___-.-- -----------------------------
	
SHEET NO,
F
CHKD. B Y	-----DATE.
--.
	
--------
	
JOB NO.
4
-p	 P p	 w U, .A, a, r 	 h Pei-, n?
7	
` 
L	 1 5 ,v 
-5 F'	 z c	 a k, ^/^ IV ^ 5, 4•+ I7 j V 7 I'Y ' !1' I l U NI'7
r	 C oN (.-4 ITc^ S	 lVA 5 g - 305 ?	 Q^^ A" 1151 139s7)
'-u as u Pd io p n o^j^ ^ 	th 5 ,/1vJ/01 of >^
7A2	 1E'^i op..	 C.uu5	 t'k7	 "^QC/
l./:: I n y ^	 JA , 4 r, 7 u let	 pr^G/	 ^ u n r: l q
rf^ •^ .ry; 6^ ^., ^ t^ 	 P ^u s	 bey/ ^' ^,, i y	 ^l^ t
4
Li I ,	 l	 < I	 /'I N j/ 4.1
Y % •'	 /^ ( r1 !/
	
( ..J Z /	 > n	 YT J	 y' l	 ^ i Cf M 2
r!	 ^k.^	 c^ X ^ s	 ^ i	 .mil a l,, f I ^'^	 ^	 ^-•
f ^r	 yr r p 	 i	 kk	 /^,r C / SJ
J	 17 /G k/ .O	 J 7
	
_	
p• W I ••'1^
11	 s
_..^.-	 ..,:^s:^• _..; .,^^,_..^.^..:...:.: ,, sue... 	 :^ =._s -
By_ DPTE.-- -----	 SUBJECT------------ -	 --- -	 SHEET NO ..- ----- OF— -- -
CHKD BY ------- DATE---.------ 	 ---------------------	 JOB NO
C-0 m pN'f G	 (u i s	 ll t ^ISfI }ti 1 o G`L /	 Qre
•	 3	 QGu 11 	/i/	 {/C^s.	 7^:.. ^.	 ^!jr l7%sC^^ / r in i 57S
U	 I S`	 j o t N
	
5	 L!j ;,	 G U D F	 al f
?a c ct 	 vi., 'L 	 .k X C	 pt w h P^^
o C./ n del r,I	 C d7. 	! Ir P, :^ (- CJ	 n P`, lj ^,:
/v	 /)G4,,41o1/ 	c^bouf	 C/!L ax l5	 ^- o yIG^P
/V L	 / (>IYI^ S ^i' Y^ ^v qCf. K
Q /V	 f' i 7s.	 S	 r7F./t w	 (^i .
'	 ^'
c^
—
P	 ^	 s h o;.v :,	 t ^.	 i ^.s.
-
r ^ 7
	
f iC,u 1	 L L
J O	 j e C l t D N	 ^:' /I G ^^ F r f 1	
J/'1
	
7 ^!	 < /7 Il s= ' _	 -
r	 1. 75
G	 1. Sn
^-	 I. 8 u
Z, oa
l^	 1, 2 y
i	
dj.	 BY-__._______.__t)A"TE._	 SUBJECT-___	 SHEET NO. .__7_
	 OF.._-,_--
CHKD BV..__..__. CATS ------	 --------	 Jus NO.
	 _
--------------------
L .2 "^3 =^: y	 C on Gil"^i oN5
'I., "'^ -;L
X	 f.' IO iv P	 I S	 a	 47n 	 J 1	 / r ,:t t ^.-+ y
t (W A/ u^'y
	
Or	 ye A .; atr	 ?.S^il^c(s ^1^^4f^a•Z
-11)	 6> a 1v 'J L a^ r 5	 C y /.
	
o o r/.
rr
P^
BY -	 --_... DATE - SUBJECT ------------- SHEET NO. -	 --
CNKD BY-_. DATE - . --_..___._________________.__------- JOB NO
•	 a",Jor^	 ^clrcf	 c_v ^r^ 	 61p Vo(o yaell	 h^
GI ^^ ^t C it ^ y
	
^ ^ r t f a)-	 -4 1 r q s	 / ti 1"n .Q Cf 4 1
^li^ f a;v)	 ^^	 th e 	d:	 ^^	 -ham cy/;,,aP•-.
% h r a w,	 cI /V	 6 -P n C -2
	
G( -P v p /o
a xta	 ^v ►'^ s	 7
	
7 Cch
w u	 S e t ec p cf	 _^o	 c{ fib i10 x #0 q i -P l ^ ^7 .r ^ r p ^ :.;
o Sp^9 ,'^► 	 r ,7 a r	 G' 7	 f/5 F	 %, r ci3 r i C rI 1
h Q l
	
/^ ,,v V	 I	 !emu a 1	 r, l; mot'	 f o !^
^i 2	 L"o,'i ^u v	 1	 ^h, o	 ^/1 i	 C Os^ ^^h^I
5,,^_
III
..^
^^
- - ,;
BY-----°----___ DATE ---------	 SUBJECT-------------------------------------- - --------	
SHEET NO. ._-!-' 
- GF ------
'	 -----
	
--	
JOB NO. -
	
- -- ------•.._
1
J\^^u I r^s
A/0
	
-ss	 Clrp	 Y^p-5 nl^'^/
T^18	 ►'Y)ox,	 r G,^^ q ^ 5^^1 ass	 1^1	 or
rYJirl, 12.4 Cira^ Sti/ r5s ( PSZ	 G{V 2
Sur
c^ i ve f^.	 ^DY 	
^- n ^	 I^1  ^- S u r ^it -e
/l/E'	 _ ^^1^^S p S ^i%of^ P	clrF	 A
Ar
z50
-	 i F'	 ^il o	 k /t .^r s,r ! s	 7D r	 ^^ ^^ d r c^ r f rH
-^r,F 'r1r°h ^s ^	 ^t	 cx^l^	 GAS CrEFG^tf/P5,
+hE^	 /ti^t' ►'^^r^f,:^r^11	 of 	 -'r	 jr ::w 
BV ------------ DATE. ------
	
SUBJECT-----'----
	
'---------`-------------	
SHElT---
CHKD. @`^_... __... DATE .- - ---
	
-----	 ------	
JOB NO.	
--
^U	 ..4 Va ^4sry' F
Vim • 	 Nf^ ^ p ^c)n e?l ^I STd A ?	 .^^0^	 P^v t^Pcl
h yl	 f	 r,^,e»-	 e	 s^ ► ^_ ^)
^z
l
->	 ,ZFPRODUCll3II.I1'Y OF THE
_ -- _ .. n A r_P- tfq POOR
SHEET NO.. __-^ 	 OF
JOB NO. - ------- 	 --- --
BY__------------D ATE. ---- --..	 SUH.I6CT- --------	 w.........»-------
CHKO. BY	 DATE--
	
---------------
	
-----•--- -• --- -
T4 le- 1
	
NU .	 Lln^^	 P= II^
O	 22.07
^r"^ ;^ 	 /Z S 	 4.Go	 Z^.o7
	
1,56,	 I	 ^, Zo	 2-2. GGI
	
2-y9
	
I l^ .^o	 Z/ .zz
3i!
	
Z _ . L
	
17. GO
Z//	 ^Yz	 zs. ^v ^ I ti. 3 ^
J/ 3/ 	3i3	 dG •c:S ^ !3. 8Z
	
liv y	 7, Sy	 I	 i^7i
I
r
(^^'1L!
	
ilk	 53. d	 33 . 0
I
14% I	 .^OJ	 GG.Gz	 ^ 
_ ^:
I
I
Q^ 3 ^	 g 3 a
	
7-5 o^	 ? c:	 3
f
Ail
I
BY -- ------------ DATE__.______
	
SUBJECT---------
	
------------ -	
SHEET NO. _I0 ---- OF - ----
ff!!	 CHKO. BY_ _ --- DATE: ---------	 _	 _	 JOB NO. _.------------------
—•	 1	 ------------ ------ ---- - --	 --------------------------------------------------- 	 ----------	
_...-
	
---------------------
a 4 to-
e	 M	 ^., 6.	 .^ p	 ^^ oS S	 ^ti ^.^^,^,, ^,	 .^ x
^^^	 iyo	 kn^^k/e	 a !ham 	 ^^,^,
c,,it	 . ^^ p	 F,	 59
j
T	 /
r
i
r^'i ^	 j 1 ^ Gs i	 I i	 G7	 / l/ r •. /,	 ^"/^ !' Yrl j^Z/^ ti r.
1
7	 .:
Q Irh_}v' 1 L
j
^,^,	 G7	 T!?.-	 CUNT D	 /Vo
J	 ^^ Sl .	 Th, s
or	 4c
.
i	 .
BY-------------- DATE.--.-----
	
SUBJECT--------------------------------
	
------	
•M lrsT NO _ - !^ - - - OF ------
CHKD. BY.--.-.---DATE---------
	
------------------------ ------------
7h^	 ^.1 1 wary	 er fr el
;1	 s	 //I"ien , /y
III	 '1^^eCtIG?6^e
/	 l'l i o n b,t a w e
cIGPS Nu T —r XC P P^
//Ar ^dn:;r i %	 G7
/ f j	 I K1-e ^i iJ ii r1 li
`j r	 tJ- J vS	 e (/a /a 2 T i . . .
0Y-------------- DATE--------- SUBJECT---------	 ----------------------	
5 'EET NO. A.--OF------
CNKD. By ------- DATE --------- 	 ------ - --------------------------------------------
_	 JOB NO. -------- -----------
-----------
{ --------- -
----------------------
--------
I
P: 1/9 125^^-
v	 S .s s	 1n 1.-en-/, -6
I it r Y►^ ate_ (^^ cr 5	 ^f^ C ^ n ^ Q^ ^ ^^
a'
ktivckl^ u ndFy ^^]^	 ^ ll^/7 ^^^o	 /'7 rJv/
l h Q	 r^ a x,	 5	 /N	 S r {^	 ^,
	 y ,o
ON	 j
t
j^or	 + y
	
?s
iv 1	 s	 ^i1, G . t'	 t 3 f	 5 e o wyl ,
	
2	 a, r /of
	
rT_
	
GI.G^	 i151
	
ri =	 I9. 4 ^ 	 K:;7
w
	
:^GLti AL P Au
 L IS PURR
t
w
V	
'
SY ----
	
- ----- 
DATE-	
- --	 SUMUECT-----------------------------------------
	
9HEE°T WO.._I-°^---OF.--- --
CHKD. BY------- DATE --------	 ------------ --------------------------------------- 	 JOB NO.. -- - ------------
T^7 E' 	YYf ; r1 i1/14h
	
^^ F S5	 G I	 1A-V	 /1 G..^0S
!i JAI
 =^ rt y G ^4 r	 ^ fly ^n p ^ ^ s	 +: ^ v ^	 ^ ^ ^u a f /^
f h	 ^; P s	 -P	 C ^' r; -f=^ d cC	 o	 h F'
..F I -G vYl -•FLj ^	 ( ,/ {'I^l ^u^'^'	 ti^^^Jr^T.I f/ •,^` 	 ! 5
m p erry fi/1 Ar-^'	 r/r Fs s	 QT	 f^h1%	 3) Gc^L' .
P 51	 p^ Z
I'
I^	 cr G^ {	 rli ^ 	 1j'S'•	 Ci7	 /I+ %	 Yt;.Gt^'
c7 cic	 1	 3 3 - . v	 =	 U	 l^ -	 ^^
3 :f	 07-,	 (•	 , •	 ,	 vo ^. l	 ;; f it F _
s^ -------	 --- DATE	 -..	 SUBJECT_	 -----	 ------_.^._.------ -------- 	 SHIEULT INO. _^^- - OE -
64KD. BY....-----DATE-----
	
-------------	
JOB NO.	
-----------------
I
1
1
	
G1. 7^
	
^i. ^'f. -	 '^^ Y 3 ICI
^	 -. Jl ^ -	 L !, -7 ?	 ^	 - /^ 1, a.: ^'ji
-^ 3 ^ ^	 lTS -	
0"^
4'r
BY- --------- -- DATE---------
	
SUBJECT. --------------------------------------- 	 !MEET NO-47
CHKD. Br
---	 DATE----------	 - -------------------------------------------------
JOB NO --------------------
FDY W Ql
7-h-e	 rn a /,	 s lid .P ss
Ck	 Y	 /Ott
n O	/	 4,^u^o^,lw-F j^J
l-3 fry•,.,	 fia i t
I.L I -RAI	 ty	 ^rr t
C.^^ F l .^ :	 rrI us	 b F
i- i% 3 	 ^^ G / 	
4-
CY--------------DATE.--------
	 SUBJECT------°---------------------------------- 	 !HEFT NO.---/^---OF.---__^
ChIKD. BY-------DATE-------°
	 --------------------------------------. ------------	 JOB NO.-------------------°
d-- _ -^ 1 R, ss k s ^
- - 4 8. 7Z k `> t
^= d
S/.^ ^P 	 tljp	 1?7QX. Gc.! ^:.; cI^ S Iir o5.5
xc ur ^	 4 f	 ^^I^>/lGX /hsa ^^iy- ^ti o	 s^ "^ .^
^GC ^ t i a ^Y	 ^ 5 th.P	 3^ l ^ i. /iL 5 . ^ e
!	 ^ 1,-^ P _^5	 ff1Q CCl y ^c 7i eiy ^^Y ^^7 Fn! ^.(,Ii^c
^^ -^ S s	 4 ^	 fh^	 ^^ ^,^^^{ ^ ^ /i	 r^-
_ ^
^?'PROnUCiAi1-^ OF ,^
. ^^^*^c-^-,^^, P ^.tx^ IS POOR
-	
- ^.^..a.^.^ .	 a _
-	 -	
-	 _-.
,. :.:
BY------------- DATE--------_
	 SUBJrCT----------------
	
___.^_----------------	 SHE[T NO.._ ^^ -__OF.----^'
CHKD. BY.------DATE---------
	
---------------	 JOB Nth..--------------------
S- f -4^.^9%
	
98. 7z ^-_ r
^'^ ^^ ^ ^ (^ L	 ^ y ^.^
^, ^-.
//,/T`P 37 ^/^ j	 GT 7^-Q	 J'^^S iO^' 	 r4y^a!^
/il ^^ 7S	 fh ^"
f^
BY
--- -	 -------
 DATE---------
	 SUBJECT ----- ---------------------------------
	 SHEET NO.._^-`^----OF.------CHfCOBY
------
 DATE---------
	 ------	
---- -----------------------------------
	
JOB NO.
_ ^' • M a ye
-- 
. 
Tl(, ^
	 s^C o^^ .^u> ^/ _ ^^^^^f
.--
 ^^ ^-P6- s^ fy'	 .
LL	 ^
( , I- ^l P
	
r
.J, ,,..	 , ..rr :its e
	 G-ro^,P	 ^	 lr,^.^y t ^J
z
^	 ^"=^
f^ -t ^^ f C^ <
	
^ y^^
,^	
^' •^ j^s	 v .^/wJ
^: ^^-,
^ - -^
J:.^ ^ -'-^^ -e
	
Cwt , ^^^	 /	 L,., ^ • ,r 1 x
^; _ ^ ^^ ^ t	 k s r
"L
^ ^^ 5 ; ,/t
"..
^.	 ._	 ..
..	
_ . r :	 _ ,.£ .	 _
^—,.;	 ..^
	
y	 epee	 ^..	 ww.^	 1 -;^i
/ r^:;	 BY—°----------- DATt^ _..-------	 SUBJECT ----------------------------------------- 	 SHEET' NO.._J_1
_---
oF._-----
CHKD. BY-------DATE---------	 -------°------------------------------------------- 	 JOB NO.---°------------------
S ^	 _ - i 3 . $ ^ -- (-..o G^7
J3 i	 ^d^--	 ^^. 3r/
4/. ^ 1 Jc^s1
- r ^. 7G ,kSI
f ^ ^ ^ ^ '` 4' ^ J yf,
41, ^ r ^	 S^,S BSI	 ^U fL ^r^a'/
d. ^-,
lti / f^l ^ i ^^	 ^U
^jl -^'	 ^ 7/l r s
^:
.^
7 ^	 _BY--------------DATE	 SUBJECT----------------------------------------- 	 5F{E:TlVO.._^:^__-L° .__----
C^^KD. BY-------DATE---------
	
----------------------------------- -----	 JOB NO..--•-----------------
^PQ	 VC'I.	 ^	 ^ `I/ 7^
pT
	
Co n ^ ^ ^y ^^^„ ^`^r 	 J Unc ^, ^,^s
^ ^ ^ ^ ^ Z ^	 ^ ^.
G ^'
	 f^i^5	 ^^^^oti,
....^
--	
_._ .
H y %^ v	 s'li, L ^^ s P s	 ^ /T^ 0^
^t x
...	
..
	
^
....^^:
r
	
----. DATE-------__ -	
yUOJECT ----------------------------BV
----------	
--
CHKD. BY
------- 
DATE---------	 ---------------------------------------------------
JOB NO.----------------------
,i
;^
N ,/^ "	 --T'	 ^	
ff 11
	
y .C.tiJ : l P^ T	 D ri C-^ < T / 4 ^'3 S
I h F	 `?	 ^-vY ^ F> f	 pit .v ^ s v / P
	
c .c. a s	 f1 s ^ 4 ,r .^. ^'
^	 b .e ^^ ri^ ^► x, pmt -^^ ^ ^ ^ e	 -^ f	
^e
b o 1' ^J^ U T 7 ^' TU ^j ^^ e ^	 u LL 	^^'-°	 r ^' y , o v!
/ f	
/^,	 `	 ^	 /
I^
I . S (	 1 l I) +
z^
^-^. ^	
16 ^ ^ ^^ 
j	
4 ^ /f	 zc_^ ^ti^
1 r ;
	^{ `^ J/31 1	 ^	 ^	 ^1	 ^	 ^	 t
PN = )78.5'	 ^- l^. 5^
^^^ ^	 r .: '
	
r P^ c
'+^	 ..
	
^ _^
_`
	•	 ----------------------	
SHEET NO.._ ^^.-- OF ------
OV --- ---------- DATE.--------	 SUBJEC:T-------------------
	
'	 CHKD. BY --- -DATL^.-------- 	 --------------------- 	 J03 NO.---------------------
7:
	-^ vu /u Q ^Q	 ^h ^	 y y /,^ u	 5 ^/1 ^S > P 5
cc
JH x	 ys.	 h'l2l'i G( 1611 /	
ti
p /^ f^^^	 ^^o,, y
	
^^^
	 l-^^r^^ ^ti^ G ^	 ^
^-^F^^ ^	 SQL	 F%9 ^o.
_	 ..,
...	 _	
..
- _^
_ ___3r^
BY
------ -- 
DATE.	 _.
__	 SUdJEC'T-------_	 ^..^^^^^^^^....^.^----^---	 SHEETNO...-^^---OF--_'-__
CHKD. BY c:Al'E.. .
	
-- --	 -------------------------------------- .
	 JOB NO...-
---
G ^Yo ^ P	 _la ^ ni T	 ^i'IE^P^^io^v^^	 S,^x
TA^D^7^ Nt/M R.cR L E,3G T N P r/ 9 3
l / ^ l 0 3s ^o
Z 
^^
l2s' 4, 6 U 1 3S ^ o
I
30/ /S^ 9.2a ^	 .^^.G^r
f"^/ ^ /8 /3.8© 3G.Si
S^/ 2^9 /8.go s3.^d
7/ ^ 3 // •23 . o o Z 7. ^o
,2// 34.2 ^s.g-o Z3-is
.2 /3 ^ .3 ^-? .^ G G S 2,^^. 3 0
^^	 •2^^/ X04 .^ 7 89 Zi. 7^
/9/ ¢3s z9 i¢ 2/ ^¢
3// ^¢66 X0.38 ^i s^
6 // ^ s^ ¢ s 3^ 4-/ ^ 7
6/6/ G83 4963 98.53
!	 6//.^^ 7/4 53 ^e ss ^s
^	 ^ ^//^ 7 g^- ss. ^z ss y ^
^ ^z 9^-1 7 7 6 3 7^ ^^ Ss^ ^ 3
j ^/l ^1^7 ^	 GG ^2 S/ /¢'
4 /3'
i ^
i	 8 38 7 .^ o 0
^_	 - ^
4. z 4 ^z
__	 -	 _	
^_
- ^	 ::
BY-------------- DATE-------.._ 	 SUd./ECT---- - ---------------__^__-------------- 	 SHEET NO.--^-----^ ----_^
CHKC. BV
-- - ----
 DATEE
--- -- ----	 ----------- ---	 -------
	
JG6 NO.
!
^:,;
	 suck ^ u^^- l^,^^^4	 vy^, (w.^1^1^ = SS.^ KSI_
o,
_.._ r-
1; ^
	
ryj ^'.+; x% /14 rj f'	 ^7^ v^ ^	 ^ ^ C-o • .:/^
.^ fhr	 ^^,Jvz
	
( .:ate t-:^	 !^D)
r
J
^^__ .
..	 ,.
., .	 .-	 ^...
!^^	
__
BY-------------- DATE.-- -----
	
SiJBJE^T
-------------^---------------------------
	
SHEETNO
..^d_--0^------
	 -CHKD. BY.-----..DATE---------
	 ---------------------------------------------------
	 JOBh10..--------------------
7
<^f	 u	 ^^ it m ss	 ,9 f
^ ^'^ ^	 S 7 ^( P .5 ^	 _Q ^(r ^ H c^ 5
	
D 3•^,/1	 G	 ^ ,P Y / G^ l U I'1 O
^P^^y ^^
	 of	 i^ ;,
,,
^ ► 	 -
>< h ^'
	
,^ 3Yl 4 % f	 r'^(r a
	 G' -t
	
T h y	 C G ^l P
/^l i/. ^	 ^iE	 S^rck
	
^ Tp - .Sb, ^ kSj^
^.^, P / ^ F ^^ .
	------ -- --- 
DATE
--- ---	
SUBJECT--
	
------------------ -----------------
	 SHEET NO.---^V---O^ -----
	
CHKD. BY-------DATE---------
	
--------------- ---•-------------------------------
	 JOB NO.----------- -----	
---
	
------	
---------------------------------------------------
	
-----------------------------
/o	 v^ r^	 `Y	 ^ ti A l	 ^h rz	 ^/.^ ^^^n-ls	 w-^r -^
^ .7'i n ^^	
-^ rI d v '1 /l	 ^ ? G	 ..E^ /p Gr ^ ^ I'j ^ S
	 Q /' G U H O^ ^ ^ U ^ G 7
^h y?	 C % r r u ^-►^ {...e ` ^ h ^ .Q )	 77i	 P.ir ^Glu ^ •^
	 ^pa /^
^ '^^ !' ;^ 5 P 5
	 CC	
-^/ i! C
	 ^.t (-P ^'Yl ^Pn t'	 rY7 ^ ^P
7^/ i'I ,+2	 rri U ,:! ^P /^
	 ^J U C.! vi ^'u r ^'
	 ^ G r7 ^ i f , ^ ^ s^!
fVG l''	 / ^j JF	 lolo	 ^h ^	 ^. -
^ %• S ICI
	
^ l r "1 f' ;1
I{j,'YRUntiCIBII,ITY ^F THE
t)RiGiNAI n,,^,r 1^ Pte.»'
sE,..
	
w,, . _	 __-__	 _	 ^ , .
iY___••----____-- DATE---------
	 •U^JiCT_°---__---__	 ^
	
---°-----°°__°--°°----------	 lKiET NO.----^---OF.------
CF1KD. sY
-----__
 
DATi.--------
	 ----	 JOd-NO.-------°------------°
i
>^^r.s s	 o r,	 4/ ^^ u	 .^ Pc ^ ^ a ^y
^	 t	 ^ ^^—
z	 -	 _
	 i1. a3 ksI
Filo • :^	 C D r^1 ^u ^
	 YJ^1 ^^ ^-P
_ ^	 °r -	 ^^. ^ o	 k^j
fit =	 ^ / , ^ ^	 ^' ^ I
.	 /^^U'! l	 P^i4nG/:^/ ^/	 c. G'►^ ^l i T^ G'^^ S	 Grp'	 ^,
r^
^	 C^R^vFR
.^ 4
^.
4
CMKD. 111
-------
 
bAT=---------
	 -^-------------------------^--°-°:
_	 t
CvK^c R ^ 3
^ 6 f'N^ IZ
^ --
3 • G ^ C^n/E
C o^ n^ .^ s
	 i^o.	 3	 ^F	 ti-
^c X CP,cf	 1"br	 rh 2
7^^p G{^SCOnt/iVUI f y
b^ ^ho	 ^ un ^ ^^ vni
^ -^ 
-I' 3o I	 1	 ^
7h o ^ `^, ,, ^ ,^ „r , ^.
t he ^ ^^n-^	 way
^/^	 (^^	 i4/>; L
	
Gor; 3^ ac fi^'► 7	 C ^I)o5
5 ^/^ ^i 5 G $	 P/! ^. G^ U C G' ^f
i ^, ; y -^ ^. c^	 ^
^/1^ { ^U ^ N / ^	 -^ iJ ti m
D Il i i ^f'r /'.X	
1
//lam
O 'f-	 ^ ^ .r'
	 ^ L" 7 1 i -- ^j
,.^;
	p ^	 ^	 ------^^TE---------	 au^eT-------•--=---_-------------------------	 sr^RRTNIfl•• ^^---o^.------
I	 l
I ^t/	 ^^ -P 	 it ^ ^ ^ a'^^	 ^^ t^v ^ p n
l ^	 --Q (/4 / UI ti ^Yt	 C.^1 ^^^-Fi1 i a
C ^-P	 ^ r ^^^ ^	 ><^^ s 	 C/y pu 	 r.c^^ s ^o^
_.^,
^	 r	 ^	 ^^^,	 ^
.^ {^
:.z:^.	 ^,,	 ..	 __a^.^s a..	 __ ,__.^..	 ___._^_	 --
V
SPEC	 NTF ELL ? P R^NE W COi^NEC T E D TO ^^ 1 FT CYL	
8
a.t	 PROJECTED	 I	 S`^ L^
-/ ^^ u r ^	 ,	 1Z,^pRODU^IBiLITY 0^' TIlE
>t'.I(:IN^ Pt,GE IS P(^K
^...
.a....^..	 .mow.	 .^r.^.._	 ..^aiarb.
_, ..
	 _.^
j
^^ i	 i	 i	 ^	 I	 I	 I	 I	 1	 I	 I	 I	 I	 I	 ^	 ^	 {	 {	 {	 {	 ^	 ^	 ^	 ^	 ^ ^^
^^L^ ^^SPEC	 NTF ELLIP RING CONNECTED TO 41 FT CYL
^ 3.1	 Pl_AN VIEW
.^,	 s
^_	 _
^^
l
^^
SPEC
7.1
E'
.1 +i1W3^
• '
a
i
_^"'"
^^
^-^^ISPEC	 NTF ELLIP n^^JG CONNECTED TO 41 FT CYL1 . i	 KNUCKLE SECT . A T ELLIP . RING ( INS . CORNE
41
,, ,^
^^
SPEC	 N TF ELL I P R j NG CONNECTED TO 4 I F T CY'I_	 n
'•'.	 KNUCKLE SECT AT ELLIP RIND (MIDDLE)
	 `--^`_^ •
^i=^^^^^ Iv
^,ODUCIBILITl' OF THE
+ ►ItIGiNAL PAGE I^ PU(1R
t.,
SPEC::
^^	 ^	 3 1
2
^0 ^
3a1
,
,^^ r
J
e
4
^^.
s^FC
	 CYL Sr^ELL BETWEEN ELLIP KNOCK - COtiE17.1
f^^^ u ^^	 ^
^ SCRLE ^^
^^
r*J
sSPEC	 NTF ESL I P RING CONNECTED TO ^# 1 FT CYL
4.1	 CONE KNUCKLE SECTIGN (INSIDE CORNER) ^^`^^ E
^^
is
.+ ^ v
89
58q	 ^	 ^
--
^	 ^^_	 _
''	 2 7
^	 6 Si
^
--
34_
703
6 7 2
31	 .63?	 ^63"^	 --
-_.
_	
40	 ^Fi41
°^
SPEC	 NTF ELLIP RING CONNECTED TO '^I FT CYL
	 2s . l	 CONE KNUCKLE SECT (MIDDLE)
	 S LE
	
i=^^^ftl^-
	
i ^
	
„^	 ^ ,
r	 ..	 - -
--	 r
-,	 __
	
..	 n, ...	 .... ,
,. y.	 _	 ^	 .^.:	 .^	 :^:	 ^ . ,.	 .^..	 ,.r^rr.^itri^.,:	 ..
• 5PEC	 NTF EL^ IP R I^FCTONN^UTS^DECCGRNER )CYL
5 , t	 CONE KNUC
F , ^ ^, ^^ ^, 11
Q_-- -	 2^SC^L^
- -
	 -	
^
c
ia
rr1
`^.
^^. J
8 ^^ ^
=C	 ^0^lE A.1D ^ 1 F i CYL iNDER
.,
---^^
^ SCALE
.^,^,
. ^^
,^
,,
	
REPRODUCIBILITY of ^^' 	 .
"^GiN AL PAGE 
^ POOR	 ^
... ,r	 _.__	
..a .
_.^
	
,,.....^:.^.^^.
	 ..u... r .. s^...:.>:.^..^ ^, .,,•,,,,
^JS ^
T^
:'^I
^^1 1d^ T ! ^:1 ^^
	^^^S
hz
^n!^r
^	Ze r`^ l+b
r
	
^^
.-	
^
l
:^^
!'
7.J^ i `Z^7
^s^
1 l I 1	 L1 J^IZ^a
SPEC^^^ ;Z / NTF ELLIP RING CO^;N ECTEO TO 41 r . ^CYL 3
9.1	 ELLIP RANG
„e
,^
^-55 3
r, 2 °
5^8 -' ^ - 7vv
SPEC ^ `' O	CIRCULAR TEE
15.1
2	 ^^
b^^
55$
S B9-®-52^
,,
X59 -^' ^-- 4 9 ^7
^^F'
^.m
>-.
	 _	
,.	 _.
r,	 ^	 ^
r3o2
rz7r — Ff( — r 333
i
^^
^ ^7t
1277.-'
sPEC ''3"	 TEE -COOL COI L
16 • '.
._	
_	
/
^^^ ^^
E_^^= r T—^^-==
- I ; J .:.
^ 3l.`^
4
._.	 _	 ,	
_
^,	
_,,^s
_._
.._	 r.,__.._.	 v	 ..: ,.	 _	 ._,	 ,	 _	 ,,., ,	 , ,.,	 .	 ^:.. __._..^w.:
-	 ., ,
.)
a
0
oc
r
W
an
2
z
0
u
w
v^
z
w
wJW
S
^^,
^:
SPEC	 NTF ELLIP R^NG CONNECTED TO '^^ FT ^YL
t	 KNUCKLE SEC
	
RT FLLIP. RING(tNS. ORNE
-k	 •	 ^j n
NKNU^KLEPSECTSAT^ELEIP ERING iMIOD`E)L
0
}
Wa0
a
z0
Q^__ ^ 
►.
SCRLE
WLWJW
w. ^ _,-	 _._^...._.. _ _	 _ _ __	 ^^.---_. ,..	 ._ _ ^_._ _,__
SPEC	 NKMUCKLSECTIRT ELCN Pc RI^G T^OUTSIDE) YL 	 SC.R^
i
F 1 vl (,^	
or'
	
i	 `,	 u
i	
u	
^
REE'ItODUCIBll,i"I Y QE' '1^IE	 a
P^^i^l^ IS PUt)RUF^IGi,N AL	s^	 o	 _
,.	 ,:	 ,_._	 m...e
t 1
'^
^'.	 -	 1
45PEC	
NCONE^ KNUCKLEGS£CT'[^NT^QNSID^1CORNERI	 4-..^
-.
^<
''_
E`
.i
.^
1^
__ __	 _.^.,r.........r...r.
..
i
' Q	
^EW^ ^ sEc T . Mi4t115ICE C CDRvER i^^	 ^^_Qy
Fr ,^ ^ r' ^°., ^..^^
•	 SPEC
..1
-^
I^
_^
/^;:
JiSPLAY=	 PS1 / 1000. NODE=	
1 . S^1RF- ACE=	 0	 I
NTF_E^_LiPrRTNG^TOELL^^EDRING(^NST CORNEKNU^KLE StC.
^, ,^
_,
^ S^Ai r_ ^
^, . .__..	 ..	 _
DIS°LRY-	 PS1 / 1000	 NODE -	 1 . SURFRCE=
^^
SPE C 	 NTF EL.i_ I P R jNG CONNE^TED TO ^4 i FT CYL
1.1	 r(NUCKLE SEC I . RT ELL 1 ^ . R i NG ( INS . COFNE ^ SCALE ^^
^ ...
:. _.
L ^ 1
` s = EC	 NTr ELL. I P _? I NG CONNECTED '^n 41 r T uYL
' .1	 KNUCKLE SECT . AT ELL 1 P . R i NC ^ INS • COR°JE
...^ t' J ;^ ; ' -	 .^ .I
JI^.AL^
i^ 1 ,^ 1
2
_-	 1 . SURFACE
^	 i
1/1; Z
L^ISP^_RY-	 PS2 / 1000
	
NUDE=	 1 . SUKFACE-	 0
sPtc	 NTF ELL, I P _R .^ NG CONLE^TED ^0 4' FT ^'r^
r.i	 KNUCK^t Sr.C^ . Ai t LAP. R NGi tNS. ^.G^ NE
^_ 1
	 's^
:; ^.
SPEC	 NTF ELL I P r^ ° ^JG CONNECTED T O 4' FT CYL
1 .;	 KNJCKLE SEC i AT ELF I P . R t NG ( i yS - C.O^NE
.^
v
t
3
a	
y
3
LISPLRY=	 PS2 /1000. NOCE- ^1. SURFACE=
l
^^
1/1/1
i
sPEC	
rN(NUCK^E I StCT yC RT^ O ELL I PF^R I ^G^( I NST CORNE
	
CALF ^^
R^^,p^UCIBILITY ^F ^^
ni' x(7iN r^Z, pAGF IS p^R	 ^
.1
^ISPLHY=	 PS1 /LOCO ^ NODE=	 1. SURFACE=	 0
^ SCALE ^^NTF ELLIP RING CONNE^TED TQ 41 FT YLKNUCKLE SEC T AT ELL P R I N(^ ("1 I DDL^
F7Gu^E	 ^_ ,
1!1/1
D;SPLAY=	 PSl /1000. NODE=	 1. SURFACE=	 1
2PEC	 NKNUCKLEPSRCTGA i G ENL IP E R I NG ^(M I DOL^) L
	
^^CRLE ^
f=! ^ U /'^
^	 ^	 ^
.,	 ,.
^^
v
C I SPLAY=	 PSI / 1000. NODE=	 1 . SURFACE.=	 2
	 /1 /1
`^ r
sPEC	 NTF E^_ i _IP RING CONNECTED TO 41 FT CYL
2.1	 KNUCKLE SECT A ELL 1 P RING (^1 i DDLE l	 scR`^_
F'tsU ^ _	 ^^l
•	 ^	 ^
,,.
E	 ..
	 t i	 ! +
	 .^
t
	 y
'_/1/1'
DISPLAY-	 PS2 / 1000. NODE=	 1 . SURFACE=
i
;^
2pEC	 NKNUCKLEPSEC^OA^OELLIPE^I^G ^(MIDDLE)^
	
^ ^^^^^
r^ ^ ;a ^' ^^	 _^^ _.
_-	 ^
v_.,^.^	 _	
._.. ,.
	 _..^
--	 ^^
vDISPLAY-	 PS2 /1000. NODE-	 1. SURFACE=	 1
	 1/1/1
s^Ec
2.^ NKNU^^LEPS^C^GACOECLIPE^ING (MID^L^)L
F1G- 3 ^E
^ ^t^--^
^.	 E
D T SPLAY=	 PS2 / 1000	 NODE=	 1 . SURFACE=	 2
	 1/?rl
'.
;11
• s a
'	 SPEC	
yK^'FVU^LKLEPSE ^T G A^ O ELE I P E R I NG (I M I D^LE) L	 ^-^LET
`	 ^,_ ,>
r,^nUCIBII.ITY OF' THE
'. (, PAGE' IS Pty^^.
3P^.,	
NKNUCKLSECTIRT E^L'IPCRi^GT^OUTSFDE^YL ^SCRLE ^
1 / 1 / 1
,.
t
ti
DISPLAY-	 PSl /1000. NODE=	 1. SURFACE-	 0
+^+.^,
_.	 ^.^
..	 _
:/:/1 ►
DiS?LRY=	 PS1 /i000	 NODE=	 L. SURFRCE=	 1
E
.^
SPEC	 NTF ELLIP RING CONNECT^D TO ^^ FT YL
3.1	 KMJCK SECT AT ELLiP R NG (OU SIDE
Fl^u^"=	 `^
Q-	 ^ i
SCALE
J^
. ^ /^
/,/
i^,_
DISPLAY=	 PS1 /1000	 NODE=
1/1/1
1 . SURF ACE=	 2
NTF ELC I P R i NG CONNECTEn TO 4 ^. r T C .'L
KNUCK SECT AT ELLIP RING (OU,SIJEI
SPEC
3.1
DISPLAY-	 PS2 /1000	 NUDE- . SURFACE=
^^_
i	 -^',
^^:
^.	 _
II	 E	 lSPEC	 NKFVUCKLS^CR I q^ E^^ IP C ^ I^G T ^ O ^ TS I ^E^Y
s
;,^ ^	 "^
.,
—_ - -- --	
^.^.a^
^,
i
I^
(^
DISPLAY= • PS2 i 1 COC	 NC^E=	 1 SURFACE=	 1
,^	 .
1/1/1
Q- -
	 ^ ,r-^^
s^^^_sPEC	 NKNU^K^SDC^ I a^ E^L IP C R 1 r G T QOU 1 S I DE^YI^
4
1/1/?'
...
DiSp LRY=	 PS2 /1000	 NODE=	 i. SURFRCE=	 2
f	 SPEC	 N ^ F ^LL^^ RING ^ONNFCTFD TQ '^ i , F T _i^YL
3.1	 KNU K ,^tCT RT L^ I P RING l 0'JT^ I CE ^
,^.	 ^.,
^	 ^
i^
1/:/1
DISPLAY-	 PSI /1000	 NODE=	 1, SURFACE=	 0
a
_-^,
SPEC	 ^1T r ALL I P RING CONNECTED rp 41 F' YL
4.1	 CONt ^(NJCKLE Sr CT 10N (i NS I1 GE CORti^r^ i
L, ^. ^
I^
1^
.^--
DIS?LHY-	 PS1 /1006 ^ ^yODE=
	 1. SURFH^E=	 1
	 1/1/1`
SPcC
y •:
NTF	 LLI^'
CON
P,iNG C ppy NECTE r^
KNUCKLE SECTION
T^	 '..}} ' FT
OGRN^R)
^YL
(INS,DE
".ODUCIBILITY OF THE
' " ".I, PAGE IS P^ X1R
^ SCALE ^
`^ -
^-^
>;
1/^^l
DISPLAY=	 PS1 /].000. NODE=	 1- SURFACE=	 2
j SPEC
4.1 ^ SSA ^^^^NCO^i^LKNUCKLEOSECNIONTEINS^DElCORNER)
^	 .^
v	 -^-
:^.
i k
f
_.__..____
	
_	 f	 1
D ^ SPLP',(=	 PSL / 1000. NUDE= i. SURFACE=	 0 1 / 1 ^ 1 ^
4^i C	NCONELKNUCR^EGSEQTIO^TEIN^IDE1CO^N^RI
	
^_ -scR^^
j...., ..
^.rMlw^r- ^ ^1
1/l^l
p ISPLRY=	 P52 /1000. NODE=	 1. SURFACE=	 1
OPEC	 NCOyEI-KNUCKI E G SECT I ON T (^N'^ I DE 1 CORNEA l _ _ ^Q s	 v,^`AI ^
r
m
,•
^^	 ^:	 ^^ - . ,.
D ^ SPLAY'	 ^'S2 / 1000
	 NUDE=
	 1 ►
 :iURFACE=
	 2
,^
sPEC
	
NIO^dE^ KNJCKII F^StCT I ^N ^ ^ I NS I D^ 1 CORN^R^
	 ^"^A^^ `^:
J CT a ^''E 4-^
^i'RODUCIBILITY OF THE
_' iii i AL PAGE IS POOR
^	 ^	
^-
LISPLPY-	 PSl /1000 ^ NODE=
	 1. SURFACE=
	 0
\` 19	 19	 19	 19	 20 20	 20	 20	 20	 20
22	 22	 22	 22	 22 22	 23	 23	 23	 24
25	 25	 25	 25	 25 25	 26	 26	 27	 27
2	 2	 2	 ^	 2	 ^" 2"	 ^	 2	 .^	 ''	 ^^	
_	 o
2	 2	 ^ ^	 ^	 ^	 ^	 a
2	 2	 2	 2	 2 2	 2	 '	 v
^	 2 C	 ^ (;
2	 2	 ^	 2	 ?	 „	 2 2	 `1	 2^	 2
12	 12	 12	 12	 12 13	 13	 13	 13	 14
^_
J
sPEC	 NTF LLIP FING CQNNECTEEU T ^1 FT CYL
5. ^	 CO N KNUCKLE SE^.T ( M I f^DLE^
^-- ,	 , .
1 / 1 / ^-
D i SPLAYS.	 PS 1 / 1 G00	 NDDE=	 1^ SURFACE=	 1
18 18 18 18 18 ^	 19 19 19 19 19
21 21 21 21 22 22 23 23 24 2y
^^ 27 27 27 27 27 28 29 30 '0 31
2 2 '^ 2 2 2 2 3' 3	 ., 3'
s 0 ^ ,,
^^ ^ ^
2 q '' 2 '^O 3^ 3' 3^ 3 3 37	 ^ ^ ^
_.i
^	 30 10 10 I1 I1 12 12 12 12 13 '
SPEC
5.1
i
NCONELKNUC'rR(LECS^QTy(M^DDLE) 41 FT CYL
-	 ^ -	 ^^^ ^
^SCHL^^ E
^==	 ^'
gl
1/:/I
^1ISP^_AY-	 PSl / 1000. NODE=	 1 . SURFACE=	 2
1
-^
21	 21	 2l	 21	 21 21	 21	 21	 21	 21
23	 23	 23	 23	 23 23	 23	 23	 23	 24
.^__
23	 23	 23	 23	 23 23	 23	 23	 23	 23
2'	 2	 2	 2	 2	 4
_^^
'	 4	 -	 ..5_,^
7
'.	 r
2	 2	 2	 2 '	 2	 n	 '^i	 ^4
^^	 o	 .	 ^ 7	 ^
>	 ^7a	 oe	 ^^	 2^ Z^	 o	 ^	 2'i	 _
14	 ^- l4	 13	 _ 13 ^	 13 :4	 l4	 14	 _	 l4	 14
S?EC
5.: NTONELkNUCKLEGSECNN(MID^LE^ ^!1 FT CYL
i iG U ^?_-	 ¢9
^__
^	 i
1/:/}
DISPLHY-	 PSG / lOC;O	 NODE=	 I . SURFACE=	 C
SaEr' N^OyELKIV^CKLEGSECTNt^1IdDLE^ ^1	 FT CYL
F ^ G ^ ^z E 5-^
Q ^ ^_^
r 5CAL^
^_
lI1/1
D I SP'^AY==	 PSG' / 1000	 NODE=	
1 . SURFACE=
	
1
SEC	 \ r LL I ° I NC C ^N M^ ^g LEQ `} 1 F 
i C'A'L	 ^---p
	
	 ^^R
5 „	 COti^ KNUCKLE SE i
t	 ^'
1/1/1'
T 13
10
0	 0	 0	
-1	 -1 -1	 -2	 -2	 -3	 -3
-	 -	 _	 -	 _	 -
_-^ ^	 -5 -	
r
-	 5	 -
10	 9 9	 8 8 -- 7	 7	 7	 7--^	 7
SPEC
	 NCO'^ELK^PCKLEGSEC^N^M I C^LER 4 1 F- T CYO	 ^ - SC^^^^ ^35.;
t-^^rU ^t .^^
1 w^
^.
	
I,
J ^
I/1/^
DISPLAY=	 PS1 /1000. NODE=	 1. SURFACE=
	
0
SCALE ^s^EC	 NTF E(_LIP , RIN^ CONNECT^D TO 41 FT CYt_E.t	 CONE KNUC• StCT• (OUT IDE CORNER)
r"%^u K^ S3
^^	 ^^^ _
[	 DISPLAY-	 RS1 /1000	 NODE-	 1. SURFACE=
	 1
111/1
SCALE ^^
sPEC	 NTr ^LLIP RING C^ONNEC T E^ TO "' F T
 CYL
s .1	 CONE. KNUC . SEC	 (GUS 1 OE Ct^^NE^ )
^'c^-(^I'E ^ ,—
^	 ,-
^.
/1
_.
E
^^
ii:il
^^
DISPLAY=	 PS2 /1000. NODE-	 1. SUKFRCE=	 0
6Pl C	 NCONELKNUCRISEC^ONNOUTSIDEOCORNER )CYL 	 ^-- S 1_E:
n
^^^	
.
^^
_.__	
^1
^r
1
I
1/1/1
DISPLAY-	 PS2 /1000. NCDE=	 1. SURFACE=	 1
'	 6PEC	 NCONELKNUCRISECTUNNE^u^S^DECCORNER)CYL	 C LE
^IGv .E''^' S"7
,^-^ « <	 t.^_. -,.^-
DISPLAY=	 PS2 /1000. NODE= ^1. SURFACE=
	 2
	 1 /? /1
6PEC	 NLONE^KNUCRISC^C^ONN^U7SQDE^CORNERIDYL
	
^^.^^
=/u-U .^E S8
:^
_._ ___ ___ _ .__
	
_.	 . _	 ^ .^_
	 w.	 ^	 ^,^,
T.L. T.L.
2.00 i
x^
o;
^;<.
.
..
,.
,.
.;
00
D D1 1
m m
.	 .
.	 .
..
^^
m
L
il0
30
>TR S^^ 20
`rK^I)J^Tr^
^^TF PRESSURE SfIELL — CORNER #4
1.54
1.38	 2.00	
^^,.
►..^ ^	 SEA;^1
^T. L.
----+
2 . C^0	 ^
1.33
SEA(9
7;
^^
^. ^) ; ;
^^
^^
.SS
-^
n mZ<
de-ee-
	
^s	 s
,,
10
	
.	 ^- N
•	 ^	 0 Z
1. w m
	
I.	 z ^
	
'	 0 2
.
0
.
0	 -+	 ^	 ^	 I—T — ^ --^
.
.	 ,f
0	 10	 20	 30	 40	 50	 60	 70	 80 o
	
'	 w
. .	 ^
	
^	 .	 ^
	
("ER I D I Oi IAL L' I STAi^CE ( I PI , ) 	 Rr:PROnuclBlLrr^ o^ ^.
^•: e 3 ^v	 Fl GU R ^ ^^'^	 (I^IGII^iAL PAGE Ifi PCu ,	i
,^.	 0.^.
IVTF PRESSURE SHELL - COR^JER #4
2.00
1.88	 1,88
T,L.•	 1.83	 I	 T,L,
► ,	 „ ,,,,
i..
60
50
i ^1, 54
SEAf^i
T, L,
2,00
STRESS
(KSO CIO
30
,;
,
o z
m
z ^
o z
o
,	 ;
,	 ,
,	 , i
,,
„
o
w L..----
,	 ,
,
,	 ,
,
20
70 3060
(1 R
I i
^ ^
O ^
,
^ '
t i
i	 1
„
m ^
;;
„
;^,
,^
,`
^	 A
^ ^
i ^
,	 ^
,^
,;
,,
,,
:^
...^
/N 5 i r/P
/yoke
A/O ^OK y ,^v^f/r,a /	 50a,r f^,0/p: ^^^^^
--	
^ 1
SCALt—`S°^C	 ELL i PT I CAL TEE
1 '^ .
L one ,; ^	 Dt^ .,y^ : f,-^.^^, ► :
_.. ,...	 ^_.
-ter--_ _	 _
._
